Two rapid diagnostic tests for Chlamydia trachomatis (Microtrak, Syva Co., Palo Alto, Calif.; and Chlamydiazyme, Abbott Laboratories, North Chicago, 111.) were evaluated in comparison with growth of the organism in tissue culture for 2,030 urogenital specimens from men and women. Neither test performed as well as culture, which detected 296 of 310 positive specimens. The overall sensitivity and specificity for Microtrak were 73 and 99%; corresponding values for Chlamydiazyme were 83 and 98%. The majority of false-negative results with both rapid tests occurred when cultures contained less than 10 inclusions per cover slip. There were also areas of unconfirmed reactivity for both tests that led us to suggest that a reporting category of "suspicious" be developed for certain test results. For Microtrak, the suspicious result is a slide containing fewer than 10 elementary bodies; for Chlamydiazyme, it is any absorbance reading less than 0.4. Creation of a "suspicious" category would lower the sensitivity for Chlamydiazyme considerably, to 64%, and increase the positive predictive value for females to 95%. Although this may result in the underreading of some specimens from males, the tests could then be used with greater confidence in females for whom testing is essential for appropriate treatment.
Many changes are taking place in the methods of identification of Chlamydia trachomatis. Growth of the organism in tissue culture has been the established way to identify chlamydial infection. However, the present demand for identification of C. trachomatis far exceeds the availability of laboratory services because the tissue culture method requires complicated cell preparation methods which few laboratories can provide. Transport problems associated with the viability of this organism cause additional limitations for laboratory service. Same-day transport is required in order to maintain viability of Chlamydia spp. If same-day transport is not available, samples can be shipped to the laboratory only in dry ice, which is very costly and not available to all facilities. Therefore, only the clinical facilities which are located close to the few laboratories that provide Chlamydia culture can generally have access to this test. In response to the great need for identification tests for C. trachomatis, a number of commercial tests have become available. Specifically, two tests have received wide publicity: a direct monoclonal fluorescent-antibody slide test and an enzyme-linked immunoassay. Both tests are designed to offer rapid diagnosis in several hours rather than the several days necessary for standard tissue culture. They also identify chlamydial antigen, thus eliminating the need to transport living organisms.
Although many companies offer monoclonal antibodies for use in slide tests, the first to have developed this method is Syva Co., Palo Alto, Calif., in a test designated Microtrak. The initial publication evaluating this test indicated that it was 93% sensitive and 96% specific when used on samples taken from symptomatic individuals attending clinics for sexually transmitted disease (STD) (22) . Since then, many groups have used and evaluated the Microtrak test (3, 8, 10, 20, 21, [24] [25] [26] [27] .
The other commercial preparation (Chlamydiazyme) is an enzyme-linked immunoassay modeled after a similar test for * Corresponding author. gonorrhea (Gonozyme) marketed by Abbott Laboratories, North Chicago, 111. There were several publications evaluating Chlamydiazyme during early development of this product (1, 12, 28) ; subsequently, the test was removed from the market for reevaluation. The test now on the market has been available only since mid-1985, and thus, fewer fullpaper evaluations are available than for Microtrak (9, 11, 13) . The initial evaluation of the improved Chlamydiazyme test, reported by Abbott scientists, showed sensitivity of 89.5% for cervical infections and 78.8% for male urethral infections. Specificity was 97% for both males and females (6) . One recent report (2) compared Chlamydiazyme, Microtrak, and culture results from 479 specimens from clinics with high positivity rates.
For the present study, both Microtrak and Chlamydiazyme were evaluated in relation to tissue culture for detection of urogenital C. trachomatis in 2,030 men and women from facilities with both high and low positivity rates.
MATERIALS AND METHODS
Clinic participation. Clinical specimens for Chlamydia testing were collected from patients attending nine healthcare facilities in upstate New York. These included four family planning (FP) clinics, three STD clinics, and one college clinic; specimens from patients of a private physician (obstetrician-gynecologist) were also collected. The FP and STD clinics were asked whenever feasible to select specimens from patients likely to have Chlamydia infection. In particular, specimens from females were requested, because these patients more often need definitive testing for proper diagnosis of STD. The female patients included women with symptomatic and asymptomatic cervicitis and contacts with possible Chlamydia infection. The specimens from the private physician and the college health service were obtained by screening all consenting patients.
Sampling and transport of specimens. The samples were collected by the following protocol. Two 98009) to C. trachomatis and examined with a fluorescence microscope. The presence of any intact distinct inclusion denotes a positive culture; however, any sample producing fewer than three inclusions is passaged for confirmation. In this study, the second tube was passaged for all specimens for which any commercial test was positive or suspicious and the culture was negative.
The Microtrak slides were stained according to the instructions of the manufacturer and examined by using an E. Leitz Inc. (Rockleigh, N.J.) Labolux Il fluorescence microscope fitted with 50x and 100x oil-immersion objectives. Each (4) . This was used as a discriminant function between culture-positive and culture-negative cases by maximizing the probability of correct allocations.
RESULTS
The incidence of culture positivity for C. trachomatis of genital specimens is shown in Table 1 according to type of clinical facility. The total number of specimens is 2,030, which included five samples that were examined by culture and Microtrak but not by Chlamydiazyme. The greatest numbers and percentages of positive specimens came from the STD and FP clinics, where patients were specifically selected for sampling according to symptoms or history.
The overall results of comparison of the two rapid antigen tests with cell culture are shown, according to sex, in Table  2 . These results were calculated for Microtrak according to the recommendations of the manufacturer, by using the presence of 10 or more elementary particles per slide as the criterion for positivity. The slides containing one to nine elementary bodies were listed as suspicious and, along with those containing no elementary bodies, were considered negative for these calculations. The Chlamydiazyme positivity was calculated according to the instructions of the manufacturer that any value equal to or greater than the cutoff reading is positive.
By these criteria, when compared with culture only, Microtrak was 75% (223 of 298) sensitive overall, whereas Chlamydiazyme had a sensitivity of 83% (246 of 296). The sensitivities for Microtrak differed somewhat between men and women (78 versus 73%), whereas the sensitivities for men and women with Chlamydiazyme were the same.
The specificities for Microtrak for both sexes were the same (99%); for Chlamydiazyme, the overall specificity was 98% (93% for males and 98% for females).
False-negative and false-positive rapid tests. Technical factors can play a role in the production of false-negative results by the Microtrak test. Sixty-eight slides had to be reexamined because of discrepant readings of elementary bodies, as to grouping (negative, suspicious, positive), by two technicians. In 63 instances, the third reading, done by the supervisor, agreed with the higher count, i.e., one of the technicians had not seen some or all of the elementary bodies on the slide. In 45 instances, Microtrak was negative although culture was positive (29 females and 16 males; Table 2 ). The majority (71%) of cultures in these instances were of low-level positivity, i.e., fewer than 10 inclusions per cover slip. The same swab was used to obtain material for both of these tests, with the Microtrak slide being made first.
There were also 50 instances (19 males and 31 females) in which culture was positive but Chlamydiazyme was negative ( Table 3 summarizes agreement were considered positive cultures.) The data supported and disagreement among the three tests. For males, two different cutoff values for samples from males and females. specimens were culture negative but positive by both rapid For males, slides containing more than five elementary tests; there were four other specimens for which absorbance bodies were all confirmed by culture. For females, the cutoff readings greater than 1.4 were found for Chlamydiazyme and had to be slightly greater than 10 for total observed confirfrom three to nine elementary particles were found for mation by culture. Microtrak; it seems likely that these were true positives It was also determined that if it were desirable to raise the sensitivity of Microtrak (as would be suitable in a screening situation), this could be accomplished by lowering the cutoff value to one elementary body. When this was done, the overall sensitivity (Table 2) for males (93 of 109) and females (160 of 189) in all groups was increased to 85%; this was accompanied by a decrease in specificity for both groups to 96%. (ài) Chiamydiazyme. When the cutoff value recommended by the manufacturer was used, the majority of unconfirmed female Chlamydiazyme positives gave absorbance readings of 0.4 or less. However, it was not possible from our data to determine a cutoff value for Chlamydiazyme with which complete agreement could be reached with culture. Absorbance readings for male unconfirmed Chlamydiazyme positives ranged over the entire absorbance scale. Use of the logistic function determined only that as the cutoff value increased greater agreement was obtained with culture.
Because of the great necessity for diagnosis of C. trachomatis in females and because of the preponderance of unconfirmed female positives at absorbance readings up to 0.4, a classification of suspicious was established for Chlamydiazyme similar to that for Microtrak; this includes all absotbance readings between the cutoff recommended by the manufacturer and 0.4. Such a category would give the clinician an option to treat or retest, depending on other clinical data. With this new category, the specificity of the test was only slightly affected, but the sensitivity for males and females dropped sharply to 52 and 64%, respectively. Further, the positive predictive value for males and females increased measurably to 85 and 95%.
Comparison of high-and low-positivity groups. The two groups of patients of highest positivity (STD and FP) were combined and compared with the two lowest-positivity groups (private practice and college) for the purpose of determining how each rapid test performed in females. The sensitivity and positive predictive value were markedly influenced by both group and cutoff values (Table 5) , whereas the specificity and negative predictive value changed only slightly across these parameters. For Microtrak, the sensitivity decreased in the low-positivity group for both cutoff values, whereas the Chlamydiazyme had the highest sensitivity in this group.
Cell content of Microtrak. If the presence of only one appropriate cell (columnar or cuboidal for females; columnar, cuboidal, or squamous for males) was considered adequate, then 63% of slides from females and 94% of slides from males were adequate. Cell content was one of several technical difficulties noted with the rapid tests. These are the subject of another publication (Hipp et This study evaluated the comparative usefulness of culture, Microtrak, and Chlamydiazyme for the detection of chlamydial infection in 2,030 samples from patients. AIthough both Chlamydiazyme and Microtrak clearly provide a convenient extension of chlamydial identification services to those unable to secure testing by culture, neither test performed as well as culture. The culture method used for this study detected 95% of the positives. As Schachter has pointed out (18) , it is essential that the best isolation rate possible be obtained in an evaluatory study, because insensitive culture makes insensitive antigen look good.
There was some degree of both false-positivity and falsenegativity for both Microtrak and Chlamydiazyme. The majority of false-negatives for each rapid test occurred in the cases in which very few Chlamydia organisms were recovered from the patient, either from the same swab or from two successive swabs. This problem hdlds true for the use of culture, and it is important to make clinicians aware that any method for detection of C. trachomatis may provide falsenegative information in some patients, and thus retesting should be considered if the test result is superseded by other clinical information. This, unfortunately, can add excessive cost to already expensive tests as well as inconvenience to the female being tested, because of the necessity of acquiring a repeat cervical specimen. The suggestion has been made that some effects of false-negative cytology tests can be countered by random periodic rescreening of negative cases (29) . The present study supports such an approach for Microtrak, because it was recognized that potential exists for false-negativity when the slide is read by only one person.
Possible false-positivity of the rapid tests is more difficult to resolve, because it is always possible that false-positive results are a reflection of increased sensitivity of the rapid test over that of the standard. In this study, false-positivity was determined against bdth culture and by negativity of the other rapid test.
When culture was negative but the slide contained any elementary bodies, 72% of Microtrak false-positive slides contained only one or two elementary bodies. Various explanations have been put forth to explain such unconfirmed reactivity, e.g., fluorescent bacteria (7), dead C. trachomatis (20) , and insensitivity of culture (17) . Our findings neither prove nor disprove such contentions but do serve to emphasize one point: that the possibility for error remains strong when a diagnosis of chlamydial infection is made on the basis of ohly one or two very small fluorescent bodies. This is especially true when the test is done in (Table  4) . Our data support the idea that the higher the Chlamydiazyme reading, the more likely it is to be a true positive, and since the Chlamydiazyme samples were taken from a different swab from that used for the culture and Microtrak, it seems possible that some of these data do reflect true positives picked up by use of a second swab. In this group of 44 unconfirmed Chlamydiazyme positives, there were four females and three males who had come to the clinic to be tested for cure of C. trachomnatis infection, which might explain the failure of culture in these cases.
Reported studies have shown a wide range of sensitivities (70 to 99%) for Microtrak; the studies that called specimens positive on the basis of one or two elementary bodies per slide inevitably had the highest sensitivities. If, in this study, any Microtrak siide that contained any elementary particle was called positive, this would increase the overall sensitivity from 75 to 85% and the specificity would be lowered to 96%. The same situation was also noted by Lipkin et al. (10) , whose data supported a cutoff value of 10 elementary particles. Our data suggest that different cutoffs could be reliably used for samples from males and females: 5 for males and greater than 10 for females. Practically, however, this might cause confusion among many laboratories either in reading or in reporting. In our opinion, the cutoff of 10 elementary bodies is a suitable number to apply to both males and females. Since there is good evidence that many slides with fewer than 10 are true positives, and likewise, since many at the same level are equivocal, a report of suspicious for less than 10 would cover both possibilities. This would permit the clinician to either treat or retest, depending on the other clinical and social factors involved.
When the Chlamydiazyme cutoff value recommended by the manufacturer was used, the test had a sensitivity and specificity of 83 and 97%, respectively. This test also performed best in women from low-positivity groups, for which Microtrak had its lowest sensitivity. The low number of total positives in this group (27 of 527) must influence these findings to some extent. There is also bias in these data because of the nature of the specimen collection. The low-prevalence samples were derived from screening, whereas the females from high-positivity groups were often selected for testing on the basis of symptoms or referral.
The difficulty with the Chlamydiazyme cutoff recommended by the manufacturer resides in the seeming cluster of false-positive results for females below absorbance readings of 0.4. There are brief reports indicating interference with the enzyme immunoassay by Acinetobacter spp. (16) and unidentified bacteria, possibly Streptococcus spp. or Staphylococcus spp. (15) as well as Gardnerella spp. and Neisseria gonorrhoeae (23) . Such bacteria might be present in polymicrobial samples from the female genital tract. Thus, there is a definite need for further study of possible low-level false-positives from female genital samples. In the interim, it seems important to place appropriate limitations on the reporting of reactivity in order to alleviate the consequences of unconfirmed positivity, which are present for both tests. The suggestion to establish reporting areas designated suspicious for both Chlamydiazyme and Microtrak would mean that in both tests, some males with definite chlamydial infection would receive reports of suspicious but at the same time infection of the female (frequently the more difficult to recognize) could be defined with greater certainty.
Further, because of the uncertainty at both ends of these tests, it seems reasonable to suggest that in cases of utmost importance, i.e., rape or suspected child abuse, culture should always be used.
